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Abstract.
Based on first principles solutions in a unified framework of quantum mechanics
and electromagnetism we predict the presence of a universal attractive depolarisation
radiation (DR) Lorentz force (F ) between quantum entities, each being either an IED
matter particle or light quantum, in a polarisable dielectric vacuum. Given two quantum
entities i = 1, 2 of either kind, of characteristic frequencies ν0i , masses m
0
i = hν
0
i /c
2
and separated at a distance r0, the solution for F is F = −Gm0
1
m0
2
/(r0)2, where
G = χ2
0
e4/12π2ǫ2
0
ρ
λ
; χ0 is the susceptibility and ρλ is the reduced linear mass density
of the vacuum. This force F resembles in all respects Newton’s gravity and is accurate
at the weak F limit; hence G equals the gravitational constant G. The DR wave fields
and hence the gravity are propagated in the dielectric vacuum at the speed of light c;
these can not be shielded by matter. A test particle µ of mass m0 therefore interacts
gravitationally with all of the building particles of a given large mass M at r0 apart,
by a total gravitational force F = −GMm0/(r0)2 and potential V = −∂F/∂r0. For
a finite V and hence a total Hamiltonian H = m0c2 + V , solution for the eigenvalue
equation of µ presents a red-shift in the eigen frequency ν = ν0(1 − GM/r0c2) and
hence in other wave variables. The quantum solutions combined with the wave nature
of the gravity further lead to dilated gravito optical distance r = r0/(1 − GM/r0c2)
and time t = t0/(1 − GM/r0c2), and modified Newton’s gravity and Einstein’s mass
energy relation. Applications of these give predictions of the general relativistic effects
manifested in the four classical test experiments of Einstein’s general relativity (GR), in
direct agreement with the experiments and the predictions given based on GR.
1. Introduction
It has long been established in experiment that Newton’s inverse square law of gravity,
proposed by I Newton in his Principia (1686), is accurate for macroscopic objects and in
weak gravitational (g) field. It has been further established in experiment since around
the turn of the 20th century that Newton’s law of gravity is deviated in strong g fields for
matter objects and light, whereas light having no rest mass is implicitly subject to Newton’s
law only. The deviations mainly exhibit as general relativistic (g-r) effects manifested in
the three or four classical-test experiments [1, 2, 3, 4, 5] of A Einstein’s general theory of
relativity (GR). Einstein’s GR predicts all the phenomena successfully [6, 7, 8, 5]. The cause
of gravity yet remains unresolved up to the present, with or without a g-r effect. I. Newton
proposed his inverse square law essentially on phenomenological basis. A. Einstein assumed
in his GR that a geometric curvature is being produced in the empty-space and time about
a material object and is the cause of gravity. GR remains a phenomenological theory. The
geometric description of GR is incompatible with the particle and field based description of
quantum mechanics (QM), electromagnetism, and the other three fundamental forces.
QM and GR, along with Newton’s gravity in the weak g limit, have been experimentally
corroborated to great extents. The two remain yet un-united [10]. A unification of the two,
under quantum gravity (QG), has been the holly grill of modern physics. Superstring theory
is a much acknowledged contender for QG [11]. Yet the super-partner particles of the theory
2remain to be observed in experiment; the strings and the six or so extra dimensions remain
to be demonstrated in experiment, and supplied with physics foundations. As one of other
aspects, the tiny strings ∼ 10−35 m are just points to the particle waves; they do not
ultimately resolve the outstanding difficulty related to wave-particle duality of QM. Loop
quantum gravity is focused on quantising the space, rather than unifying gravity with the
other fundamental forces. QG is desired in black hole and big bang researches.
An Internally Electrodynamic (IED) model of particles, along with a polarisable
vacuuonic dielectric vacuum, has been developed by the author since 2000 using overall
experimental observations for particles and vacuum as input information. Based on first
principles solutions for the IED particles in a unified framework of classical, quantum and
relativistic mechanics, it has been possible to predict a range of the well-established basic
properties and relations of particles (see [12] for a review and the original papers). One of
the solutions is a depolarisation radiation (DR) Lorentz force acting between IED matter
particles in a polarisable dielectric vacuum [13], which resembles in all respects Newton’s
gravity. In this paper, we extend the solution of gravity to including light quanta (Secs 2, 3),
and the effect of gravity on the dynamical variables of the interacting entities (Sec 4) within
the same unified theoretical framework, which for gravity essentially consists in quantum
electromagnetism. We thereby obtain a generalised quantum-electromagnetic theory of
gravity and general relativity. The basic solutions within the theory are then applied to
predict the g-r effects manifested in the four classical test experiments of GR (Sec 5). The
basic solutions include quantum gravitational waves (composed of DR fields) from individual
matter particles or light quanta; the natural extension of this to an accelerating macroscopic
object is a macroscopic gravitational wave, which formal solution we shall describe in a
separate paper.
2. Quantum electromagnetic descriptions of matter particles and light quanta.
Dielectric theory of the vacuum
We shall work in a three dimensional flat space; this space has a one to one correspondence
to a polarisable dielectric vacuum. Let there be in this space a charge q, of charge density
ρq, at the origin of a co-ordinate system x, y, z fixed therein. q is in accelerated motion,
forming a current density jq, and generates thereby electromagnetic radiation fields E,B
according to the Maxwell equations
∇ ·E = ρq/ǫ0, ∇ ×B− (1/c2)∂tE = µ0jq, ∇ ×E+ ∂tB = 0, ∇ ·B = 0, (1)
where c(= 1/
√
ǫ0µ0) is the speed of light in the vacuum; ǫ0 is the permittivity and µ0
permeability of the vacuum. In the empty space (∅ ) left over after removal of the dielectric
vacuum, we directly measure the applied radiation fields E∅ and B∅. An applied E∅ at a
location r will polarise the vacuum in the vicinity, and induce a vacuum polarisation P and a
depolarisation (radiation) field Ep relative to ∅. Applying the usual dielectric theory [14, 15]
here, these are given in terms of the macroscopic fields E, B measured in the vacuum as
E∅ = E−Ep = κ0E, Ep = −P
ǫ∅
= −χ0E, χ0 = κ0 − 1;
B∅ = B−Bp = κ0B, Bp = −Ep × c
c2
= −χ0B. (2)
κ0(> 1) is the dielectric constant and χ0(> 0) is the susceptibility of the dielectric vacuum
against ∅; ǫ0 = κ0ǫ∅, and ǫ∅ is the permittivity of the empty space ∅. We have implicitly
assumed no significant magnetisation of the vacuum by B∅. Bp is thus a magnetic field
purely induced by the time rate of Ep (Maxwell-Ampere’s law). In terms of the vacuuonic
3vacuum model‡ [12, 15, 16], (a) the vacuum is filled of densely packed, electrically neutral but
polarisable entities called vacuuons separated at a mean spacing b; b ∼ 10−18 m estimated
based on the observational shortest wavelength (1 ∼ 2 × 10−17 m) of electromagnetic
radiation; and (b) each vacuuon is composed of a pair of spinning entities called p- and
n- vaculeons of a charge +e and −e, that are located at the core and on a spherical shell
about the core, and are strongly bound electromagnetically.
Assuming q (= +e or −e) is oscillating sinusoidally about r = 0 along z direction, with
a frequency ν and amplitude A, Eqs (1) have the usual solutions for E at a distance r(r, θ, φ)
sufficiently far from q, which combined with (2) further yield solutions for Ep, given as
E(r, t) = −aE0 sin θϕ(r, t)
r
θˆ, E0 =
eAω2
4πǫ0c2a
, ϕ(r, t) = cos(k · r − ωt+ α0), (3)
Ep(r, t;−π2 ) = −χ0E(r, t) =
Ep0a sin θψp
r
θˆ, Ep0 = −χ0E0, ψp(r, t) = −ϕ(r, t;−π
2
); (4)
and B = −E×cc2 , Bp = −
Ep×c
c2 . Here ω = 2πν, k =
2π
λ , λ = c/ν, α0 is an initial phase, and
a is a linear dimension defined after (5) below. q may implicitly also be in linear motion,
at velocity υ in +x direction here. The fields (ϕ’s) generated oppositely say in +x,−x
directions, as ϕ†, ϕ‡, are thus in general Doppler effected, differently. For the DR force in
question in Sec 2, υ affects E0 through ω; ω =
√
ω†ω‡ = γΩ, where γ = (1 − υ2/c2)−1/2
and Ω = limυ2/c2→0 ω from IED solution (see [12]). υ does not affect the integration of ϕ
j ’s
which are written as ϕ in (3c).
The energy density of the E,B fields, as E(c),B(c) in complex forms, is ρ
ε
=
ǫ0(E
(c) × B(c)) · c. In the dielectric vacuum of an induced elasticity, E,B correspond to a
transverse elastic wave, of a transverse (tensile) displacement u = (A/E0)E and amplitude
A. So accordingly ρ
ε
= 12ρlω
2|u(c)|2, where ρl is the linear (sub-vacuum) mass density of
the perturbed vacuum. Suppose that the E,B comprising one energy quantum hν extend
through a spherical volume V- of radius r0; ℓ = 2r0 = N1λ = n1b contains N1 wavelengths
λ’s and n1 vacuuon spacings b’s. The one energy quantum, or the Hamiltonian of the one
quantum, is thus equal to the integration of ρ
ε
in V- , with dV- = r2drdΩ- , dΩ- = sin θdθdφ,
ε =
∫
V-
ǫ0(E
(c) ×B(c)) · cdV- = ℓσǫ0E20 =
∫
V-
1
2
ρlω
2u(c)
2
dV- =
1
2
λρλω
2
A
2 = hν = mc2. (5)
σ = 43πa
2 represents a cross sectional area through which ε is transported. ρλ = ℓρl/λ =
N1λρl/λ = N1ρl is the reduced linear mass density of the vacuum.
E,B may be the internal components of a simple, single charged matter particle such
as a proton or an electron, generated by its charge q = +e or −e; q is of zero rest particle
mass but is oscillating with a frequency ν specified by (5) (the IED model). Its ε is in
general conveyed a fraction aq by its oscillatory charge, and ar by its radiation field, with
0 ≤ aq, ar ≤ 1. So aqε+ arε = arε = ε(= hν = mc2), given for the extreme case ar = 1 and
aq = 0 in (5), is the total (rest) mass energy and m is the (rest) mass of the resultant IED
particle (at rest). Or, E,B may comprise a light quantum, (originally) emitted by a matter
particle of charge q = +e or −e here. m then represents the dynamical mass, or simply
mass, of the light quantum. (5) and (3b) give a few further relations to be used:
ρl =
e2m2
6πǫ0~2
, ρ
λ
= N1ρl =
N1e
2m2
6πǫ0~2
=
~
πcA2
. (6)
‡ It can be shown that, combined Lorentz transformations for both the sources and the interferometer arms
as of the Michelson-Morley and Kennedy-Thorndike experiments, render null and constant fringe shifts of
light in two-way trips against a substantial vacuum (Zheng-Johansson J X 2005 Inference of Basic Laws
of Classical, Quantum and Relativistic Mechanics based on First-Principles of a Minimal Set 254 pages,
unpublished).
43. Newtonian gravity between light quanta and matter particles
We shall in this section derive a general equation of Newton’s gravity between a light
quantum µ and an IED matter particle i (Secs 3.1-2) or j (Sec 3.3), their mean mutual
gravity (Sec 3.4), and finally between µ (designating thereof a light quantum or IED matter
particle) and an object composed of many IED matter particles (Sec 3.5). We shall disregard
a g-r effect until Sec 4.
3.1 Action of µ on i µ and i are specified as follows: (a) µ is one of Nµ light quanta
that are being constantly (re-) generated by an array of point sources in the vicinity of
the origin on the yz plane, at x = 0, in the co-ordinate system x, y, z. Its source has an
oscillation frequency νµ and amplitude Aµ. Let specifically the sources be pairs of dipole
charges qµ = ±e of the vacuuons comprising the vacuum here, referred to as virtual sources.
They are induced by the plane wave Eµ fields propagated to x = 0 at time t = 0, that were
generated say at −x1 at time −t1 earlier by some natural sources of unit charges ±e. (b)
i is one of Ni IED matter particles located at a mean position x = r on the x axis. i has
a mass mi, and charge qi = +e or −e oscillating with a frequency νi = mic2/h (Eq 5) and
amplitude Ai. (c) Aµ and Ai are along the z direction during a brief time under immediate
consideration. So both sources η = i and µ generate fields Eη,Bη and Epη ,Bpη according
to (3)-(4) in their local co-ordinate systems, x, y, z for µ, and a parallel set of axes xi, yi, zi
with an origin fixed at x = r for i. Eµ,Bµ (Ei,Bi) are assumed shielded, not reaching i (µ).
And, (d) i and µ are in dynamical equilibrium.
The fields Epµ = Eµ − E∅µ and Bpµ = Bµ − B∅µ (Eq 4) generated by qµ at x = 0 at
time t = 0 will propagate to qi at x = r at time t, and act on qi a (momentary) Lorentz
force Ftotµi = qiEpµ +Fµi. qiEpµ drives qi into a transverse motion at velocity υpi given as
υpi = υi − υ∅i =
τµqiE
′
pµ
2πmi
, υ i =
∫
qiEµ
mi
dt =
τµqiE
′
µ
2πmi
, υ∅i =
τµqiE
′
∅µ
2πmi
, (7)
where τµ = 1/νµ, E
′
µ(r, t) =
aµE0µ sin θ
r cos(αµ +
π
2 )zˆ ≡ Eµ(r, t; +π2 ) given after (3a), etc.;
αµ = kµ · r− ωµt; we have set α0µ = 0 for the initial phase.
Fµi = qi(υ i ×Bµ − υ∅i ×B∅µ) = qi(
τµqi
2πmi
)[E′
µ
×Bµ − (E′µ −E′pµ)× (Bµ −Bpµ)]
is the difference between a Lorentz magnetic force acted by Bµ in the vacuum, and one by
B∅µ in ∅, which we know to each obey the right hand rule. Setting E
′
µ
= 0, Bµ = 0, we
obtain the final Lorentz magnetic force acted by E′pµ ,Bpµ on qi, referred to as DR (Lorentz)
force,
Fµi = −qiυpi ×Bpµ = −
τµq
2
iE
′
pµ ×Bpµ
2πmi
= −τµq
2
i χ
2
0E
′
µ
×Bµ
2πmi
= −Kµif(αµ)
r2
xˆ,
Kµi =
τµq
2
i χ
2
0a
2
µE
2
0µ sin
2 θ
2πmic
=
τµq
2
i χ
2
0a
2
µ
(
qµAµω
2
µ
4πǫ0c2aµ
)2
· (12λµρλµh2)
2πmic · (12λµρλµh2)
=
χ20e
4m3µ
4πǫ20h
2ρ
λµ
mi
, (8)
f(αµ) = | sin(αµ) cos(αµ)|. (7a) for υpi , (3b) for E0µ , θ = π2 (i is essentially a point on the
x axis), qi = qµ = ±e, and the identity relations (5) have been used. Based on (8), Fµi
is pointed from i to µ, hence an attraction, irrespective of the signs of qi, qµ; and Fµi in
relation to υpi and Bpµ obeys a left hand rule.
For a large Nµ number of µ’s being constantly (re-)generated at x = 0 over a long
time ∆t(>> N1µ/νµ,N1i/νi), firstly the α0µ ’s of different µ’s are independent random
variables. These reduce their relative radiation intensities by a factor f0 = cos
2 α0µ , rather
than producing coherent waves. Secondly, under the influence of random environmental
5fields, the amplitude of each original natural source, Aµ1 at −x1, hence Aµ = a|x1| |Aµ1|
at x = 0, would explore in ∆t all possible orientations Ω- (θ, φ). Its projection in the
yz plane, becoming Aµyz = Aµ(sin
2 θ sin2 φ + cos2 θ)1/2 at x = 0, is now responsible for
producing a DR force given otherwise by (8). Including the two features, Fµi is written as
Fµi(Nµ) = −(A2µyz/A2µ)Kµif0f(αµ)/r2. Its average over Ω- in (0,4π), and α0µ , αµ in (0, π) is
〈Fµi〉 = 1
π2
∫ π
0
∫ π
0
(
1
4π
∫
Ω-
Fµi(Nµ)dΩ
- )dα0µdαµ = −
KµiPyzf¯0f¯
r2
= − Kµi
3πr2
, (9)
where Pyz =
1
4π
∫
Ω- (A
2
µyz
/A2
µ
)dΩ- = 23 , f¯0 =
1
π
∫ π
0
f0dα0µ =
1
π
∫ π
0
cos2 α0µdα0µ =
1
2 , and
f¯ = 1π
∫ π
0 f(αµ)dαµ =
1
π
∫ π
0 | sinαµ cosαµ|dαµ = 1π .
3.2 Action of i on µ The vacuum about x = 0 is electrically and dynamically
characterised by the µ-disturbance as follows: (i) Eµ polarises the vacuuons in the volume
V- µ = n1bσ = n1b · (nyb) · (nzb) occupied by the µ (wave) train. We find n1ny polarised
vacuuons, and hence n1ny units of polarisation charges +e’s (or −e’s) on each enclosing
Gauss surface perpendicular to Eµ along the z axis. And (ii) the n1ny effective oscillators
are driven by Eµ into oscillations at the frequency νµ of Eµ, and hence imparted with a
dynamical mass ∆mµ =
mµ
n1ny
each; mµ = hν/c
2 (Eq 5). (n1nye) × ∆mµ = emµ(∝ √ρλµ)
returns correctly the e and mµ of the original natural source. The last identity relation
renders an equivalent single vacuuon (virtual source) vµ representation to be used: vµ is
instantaneously located at x = 0; it carries all the mass mµ and polarisation (dipole) charges
(qµ =)q+, q- = +e,−e, oriented along Eµ direction.
Epi ,Bpi generated at xi = 0 (x = r) and t = 0, will propagate to µ at xi = −r (x = 0)
at time t, acting on either charge q+ or q- of vµ a Lorentz force Ftot,iµ± = q±
1
2Epi + Fiµ± .
q
±
1
2Epi drives q± into motion according tomµdυpµ±/dt = ±e 12Epi . The integrated velocities
are υpµ± =
∫ q
±
1
2Epi
mµ
dt =
τiq±
1
2E
′
pi
2πmµ
, where τi = 1/νi, E
′
pi(0, t) = Epi(0, t;
π
2 ). Fiµ± is a DR
Lorentz force acted by i on q
+
or q- of vµ. This force on both charges, hence on vµ, is given
as, applying directly the left hand rule (Sec 3.1),
Fiµ = Fiµ+ + Fiµ- = −(q+υpµ+ + q-υpµ- )×Bpi = −
τi(q
2
+
+ q2- )
1
2E
′
pi ×Bpi
2πmµ
=
Kiµf(αi)
r2
xˆ,
Kiµ =
τiχ
2
0q
2
µ
a2iE
2
0i sin
2 θi
2πmµc
=
τiχ
2
0e
2a2i (
eAiω
2
i
4πǫ0c2ai
)2 × 12λiρλih2
2πmµc× 12λiρλih2
=
χ20e
4m3i
4πǫ20h
2ρ
λi
mµ
, (10)
and f(αi) = | sin(αi) cos(αi)|, where αi = ki ·ri−2πνit given for α0i = 0. And ri = r+δx=˙r
in the denominator for r >> δx = cN1i/νi, (3b) for E0i θi =
π
2 , and (5) for mi,mµ have
been used. For the Ni IED particles measured over long time ∆t, with Ai and α0i being
random variables similarly as of µ, the average DR Lorentz force acted by i on µ is similarly
given as
〈Fiµ〉 = 1
π2
∫ π
0
∫ π
0
(
1
4π
∫
Ω-
A
2
iyz
A2i
f0FiµdΩ- )dα0idαi =
KiµPyz f¯0f¯
r2
=
Kiµ
3πr2
. (11)
3.3 Action of µ on j j is identical to i but is located at y = r on the y axis perpendicular
to the µ path along the x axis. Each point on the µ train (of length ℓµ) serves as a new
virtual source re-generating (spherical) radiation fields; a point x on it (say in [− 12ℓµ, 12ℓµ])
is at a distance r′ = xxˆ+ ryˆ+ δzzˆ to j. Here the E′pµ and Bpµ along the z and x directions
(the ψpµ waves) regenerated at time t = 0 will propagate to j at y = r, across a distance r
′
at time t′ = |r′|/c, and act on j a DR Lorentz force given similar to (8) as, with mj = mi,
q2j = q
2
i = e
2,
Fµj = −qjυpj ×Bpµ = −
τµq
2
j (−E′pµ zˆ)× (−Epµ xˆ)
2πmjc
=˙− Kuif(α
′
µ
)
r2
yˆ, (12)
6where υpj =
τµqjE
′
pµ
2πmj
, E′pµ = −E′pµ zˆ = −
aE0µ sinα
′
µ
r′ zˆ, Bpµ = −
Epµ
c xˆ = −
aE0µ cosα
′
µ
r′ xˆ; Kµi is
as given by (8); f(α′
µ
) = | sinα′
µ
cosα′
µ
|, α′
µ
= kµ ·r′−ωµt′+α′0µ , and α′0µ = kµx−ωµ ·0+α0µ .
The last of Eqs (12) is given for r >> ℓµ, δz, so r
′=˙ryˆ and all the ψpµ wave fields from
different points x on each µ train (µ quantum) will arrive at j at y = r at essentially the
same time t = r/c. α′0µ is thus inconsequential and may be set to α
′
0µ = 0.
For the Eµ,Bµ originally emitted from a (large) Nµ natural sources (at −x1), the
projection of Aµ, Aµyz , hence Eµ in the yz plane about x = 0 here is randomly oriented
at an angle ϑ (and Bµ at
π
2 − ϑ) to the z axis; and so are E′µ and E′pµ . The z-projection
of the E′pµ E
′
pµ,z = −E′pµ cosϑ zˆ, and the induction magnetic field along the x direction,
Bpµ,x = − |Epµ,z|c xˆ =
|Epµ | cosϑ
c xˆ, are directly responsible for producing a DR force on j at
time t:
Fµj(Nµ) = −qjυpj ,z ×Bpµ,x = −
A2
µyz
A2
µ
|Fµj | cos2 ϑ yˆ = −
(A2
µyz
/A2
µ
)Kµif(α
′
µ
)fϑ
r2
yˆ, (13)
where fϑ = cos
2 ϑ. For a large Nµ plane-waves propagated to x = 0 at time t = 0, ϑ may
assume all possible values in (0, 2π). The average of Fµj over Nµ quanta over long time ∆t
is therefore
〈Fµj〉 = − 1
π2
∫ π
0
∫ π
0
1
4π
∫
Ω-
Fµj(Nµ)dΩ
- dα′
µ
dϑ = −KµiPyz f¯ f¯ϑ
r2
= − Kµi
3πr2
, (14)
where f¯ = 1π as before; f¯ϑ =
1
π
∫ π
0
cos2 ϑdϑ = 12 .
From (14) and (9) we have 〈Fµj〉 = 〈Fµi〉. The same features underling the actions
j on µ and i on µ inevitably yield 〈Fjµ〉 = 〈Fiµ〉. We shall hereafter refer to the µ-i
interaction only. If µ is also an IED particle, we could have obtained 〈Fiµ〉, say, directly
from interchanging the subscripts of 〈Fµi〉, to be given exactly as (11). Unless otherwise
specified we shall hereafter make no distinction between a light quantum and (IED) matter
particle.
3.4 Average mutual DR Lorentz force 〈Fµi〉 and 〈Fiµ〉 are (attractive) action and
reaction forces between µ and i. Under condition (d), the two forces must be equal in
amplitude (and opposite in direction), and hence in turn equal to their mean,
F = −
√
|〈Fµi〉||〈Fiµ〉| = −
√
KµiKiµ
3πr2
= −Gmµmi
r2
, G =
χ20e
4
12π2ǫ20h
2ρ
λ
, (15)
ρλ =
√
ρλiρλµ =
N1e
2mimµ
6πǫ0~2
, χ20 =
8π3ǫ0N1Gmimµ
e2
,
χ20
ρλ
=
12π2ǫ20h
2G
e4
, (16)
and N1 =
√
N1iN1µ; ρλi , ρλµ are as given by (6b). The negative sign indicates that F is an
attraction, as 〈Fµi〉 and 〈Fiµ〉 are. F given by the inverse square formula (15a) resembles
directly Newton’s gravitational force, acting between two quantum entities (a light quantum
or IED matter particle each) µ, i here; hence G corresponds to the gravitational constant
G, G = G. Based on (4), Ep,Bp are propagated at the speed of light c, and so is the gravity
F .
3.5 Action on µ by a macroscopic object M M is composed of large Ni number of
IED matter particles i’s each as specified by (a)-(d), Sec 3.1; it has a mass M =
∑Ni
i=1mi. i
are atomic electrons and protons, and (for the unit charges used here) electrons and protons
comprising the atomic neutrons. Assume as in typical applications that M is uniform and
spherical, of a radius R; its mass centre is at r. µ is a light quantum or IED matter
particle located at r = 0. Epµ , Bpµ of µ are the de-polarisation and induction magnetic
fields produced internal of (the polarised vacuuons comprising) the dielectric vacuum, as
contrasted to density fluctuations of the vacuum; assume no work has been down by the
7resultant F . As such, Epµ , Bpµ can not be absorbed, hence nor be shielded by the matter
particles on their path. Each particle i of M therefore sees directly µ, and vice versa. The
total DR Lorentz force between µ and M is thus
F = −
∑
i
√
|〈Fµi〉||〈Fiµ〉| rµi
rµi
= −G |
∑
i
mirµi
r3µi
|mµ = −GMmµ
r2
. (17)
G for each µ, i pair involves ρλ(µi), χ
2
0(µi) (Eq 15b) which are separately dependent of
mµ,mi (Eqs 16a,b), hence indicated by (µi) here. Based on (16c), the ratio χ
2
0(µi)/ρλ(µi)
is independent of the masses, and so should be that of χ20, ρλ for M and µ:
χ20(µ1)
ρλ(µ1)
= . . . =
χ20
ρλ
=
12π2ǫ20h
2
G
e4 . For the vacuum occupied by M , ρλ say satisfying the equalities above may
be expressed by
ρλ =
1
Ni
Ni∑
i=1
ρλ(µi) =
√
N1µ〈
√
N1i〉e2Mmµ
6πǫ0~2Ni
, 〈
√
N1i〉 =
Ni∑
i=1
√
N1i
mi
M
. (18)
4. Generalised theory of gravity and relativity
We shall in this section generalise the theory of gravity of Sec 3 by including the effect of
gravity on the dynamical variables of a test particle µ (Secs 4.1-2) and test macroscopic
object (Sec 4.3). We refer to this effect as the general relativistic (g-r) effect in this
work. The g-r effect manifestly coincides with the additional content of Einstein’s GR
over Newton’s gravity; the usual light quantum and the IED particle employed in Sec 3 are
already intrinsically special relativistic and governed by the Lorentz transformations. To
facilitate the discussion, we re-locate M at r = 0 and µ at a distance r from it in the co-
ordinate system x, y, z. And we re-express Newton’s gravity here using ”proper” dynamical
variables r0,m0 measured at the limit g · r0 → 0, indicated by a superscript 0, acting along
r direction as,
F (r0) = −g(r0)m0 = −∂V (r
0)
∂r0
= −GMm
0
(r0)
2 , g(r
0) =
GM
(r0)
2 , V (r
0) = −GMm
0
r0
. (19)
4.1 Effect of gravity on the wave and particle-dynamics variables of a single µ µ
may be an IED matter particle or light quantum, and is in stationary state in a g field as
specified by (19). Let firstly be no applied non-gravitational force present. At r0 → ∞,
g(r0) · r0 = −V/m0 → 0 which is a maximum. Accordingly µ has an inertial mass
m0 = m(∞), mass energy ε0 = m0c2, and a capacity to work ε0 = m0c2, which are maximum
each. When brought from infinity to a finite separation r = r(r0) under F , F has done a
negative work to µ, ∆V = − ∫ r0∞ Fdr = −GMm0r0 = V (r0) along r-direction. Assume that
the process is (quasi) static and hence in general non-adiabatic, so no kinetic energy (T )
has been gained by µ; T would be lost, to such as heat. The total mechanical energy
or Hamiltonian of µ, hence also its capacity to do work, is thus reduced by the amount
−∆V = −V to
H = ε0 + V (r0) = m0c2 − GMm
0
r0
. (20)
µ is dually a quantum wave. For V = 0, µ has a usual total eigen plane wave
function ψ(r0, t0) = Cei(k
0
d·r
0−2πνt0) (the same ψ is given by the IED solution through
ψ(r0, t0) =
∑
j [ϕ
j(r0, t0; π2 ) + iϕ
j(r0, t0)]) and an eigen frequency ν0 = m0c2/h, where
k0d = (
υ
c )k
0, υ is particle speed and k0 = 2πν0/c. For a finite V , and H as given in (20), we
8may establish the corresponding operator Hop, the eigen value equation and subsequently
obtain (solve for) the eigen value H , in a region where V (r0) is essentially constant,
Hopψ = Hψ, Hop = ε
0 + V (r0) = m0c2 − GMm
0
r0
; (21)
H = hν = m0c2 − GMm
0
r0
= hν0 − GMhν
0
r0c2
or ν = ν0(1− GM
r0c2
). (22)
Here, for V is constant, the eigen function continues to be a plane wave, ψ(r, t) =
Cei(kd·r−2πνt). So i~∂ψ/∂t = hνψ. Its equality with Hψ of (21a) gives (22a,b). Based
on (22), the eigen frequency ν of the total µ wave is red shifted. If V is produced by a large
(spherical) mass such as the earth, all test particles in a region of constant r0 are subject to
the same V (r0)/m. It is thus meaningful to extend (22) to define here a ”general-relativistic
mass” m of µ as
mc2(= hν) = m0c2 − GMm
0
r0
or m = m0(1− GM
r0c2
). (23)
More generally, µ may be moving, at a velocity υ such that γ = 1/
√
1− υ2/c2 > 1
appreciably, and subject to an applied non-gravitational potential Vap. Then H is now
H ′ = m0c2 + V + Vap = mc
2 + Vap, or (H
′ − Vap)2 = m2c4 = m2restc4 + (mυ)2c2 (24)
where m = γmrest, mrest = limυ2/c2→0m. The corresponding eigenvalue equation now
describes the µ. In typical applications, such as those in Sec 5, Vap is electromagnetic
and varies over a quantum length scale, a ∼ 10−10 m or shorter. Across a, ∆V =
|V (r) − V (r + a)|=˙|V (r)ar | is in general << |Vap|§; so V is essentially constant. (20)-(23)
for a free µ thus hold directly.
4.2 Effect of gravity on the space and time co-ordinates for the single µ Based on Sec
3, gravity F is transmitted to and from µ (at r0) through the propagation of the ψp wave
(Eq 4) from and to M (at r0 = 0) at the constant speed c across a distance r0 given as, for
g · r0 → 0,
r0 = t0c = N τ0c = N λ0, λ0 = τ0c, (25)
where N is the number of wavelengths contained in r0. The relationship (25a) firstly means
that if ψp is emitted by M at r
0 = 0 at time t = 0, it then arrives to µ at position r0 after
a time t0. Alternatively, it also means that if the first wave front of ψp enters µ at position
r0 at time t01, it takes a further time t
0, i.e. at an absolute time t01 + t
0 latter, for the N
wavelengths to pass through µ. The second meaning connects t0, r0 directly with the local
variables τ0, λ0 at the location r0, and it is the so-signified t0, and r0 = ct0, that directly
characterise the magnitude of F in (19.1). In this latter sense, r0 = N λ0 stands for a
gravitational optical, or simply ”gravito optical” distance traversed by the gravity wave ψp;
and t0 for the time.
For a finite V , the red shifted ν from ν0 in (22b) directly describes the particle fields
ϕ’s of µ located at r0 and hence, based on (Eq 4), the ψp wave emitted by µ here. For the
ψp wave transmitted to µ (from M), we can be led to the same red shifted ν by arguing
simply based on Newton’s law for action and reaction, assuming M and µ are in dynamical
equilibrium.‖ So, the local wave variables for characterising the magnitude of gravity F
§ For example, for an electron e and proton p at a separation a ∼ 1× 10−10 m, Vap ∼ −e2/4πǫ0a = −14.4
eV. For p at the sun surface, V = −GMmp/R = −1992 eV, ∆V =˙V (R)
a
R
= 2.86× 10−16 eV << Vap; and
on the earth, V = −0.653 eV, ∆V is even trivially small.
‖ One can formally describe the (self) effect of gravity of M on its own ψpM (r, t) wave, by treating the ψpM
perturbed vacuuons at r as a test entity.
9transmitted either to or from µ are the red shifted ν of (22b), and λ given in (26a) below.
Accordingly, the ”gravito optical” distance r and time t for the N number of wavelengths
to pass through (either into or out of) µ are defined by the local λ and τ = 1/ν at r(r0)
given by (26b,c) below:
λ =
λ0
1− GMr0c2
, r = N λ =
r0
1− GMr0c2
, t =
r
c
= N τ =
t0
1− GMr0c2
. (26)
(26) hold irrespective of the variant GM
r′0c2
with r′ ≈ r′0(< r) before ψp arrives at µ or after
ψp has left µ. Based on (26b,c), it takes elongated gravito optical distance and time to
transmit the same N wavelengths of gravity F . µ is thus acted by a reduced F , hence able
to move further apart, and re-equilibrated at the dilated r. r gives then the observational
distance.
By virtue of the underlining second meaning of (25a), the effect of gravity on the space
and time co-ordinates manifests exclusively along a g field line. Given a µ at a distant point
(x, 0, 0) on the x axis. Then in a small local region such that every point in it is connected
to M by a g line parallel with the x axis, the general relativistic transformations from the
proper co-ordinates x0, y0, z0, t0 to the x, y, z, t affected by the g field, are given as
x = γgx
0, t =
x
c
= γgt
0, γg =
1
1− GMx0c2
; y = y0; z = z0. (27)
In spherical polar co-ordinates and for a point r on the x axis, these become r = γgr
0,
t = γgt
0; φ = φ0; θ = θ0. Using the above for r, keeping t as a dependent variable, the
transformation for the (invariant) squared shortest line element (or geodesic) ds of light is
(ds)2 = −c2(dt)2+ γ2g[(dr0)2+(r0)2(dθ0)2+(r0)2 sin2 θ0(dφ0)2], where dr=˙dr0(1− GMr0c2 )−1.
Based on experiment, Newton’s law (19) holds accurately in the g · r → 0 limit. This
suggests that, by retrieving from r the g · r → 0 value r0 based on (26b), and using this in
(19), we can obtain the correct gravity, the ratios F/m0 and V/m0 here, as:
F (r(r0))
m0(r0)
= g(r(r0)) = − GM
(r0)
2 = −
GM
r2
(
1− GMr0c2
)2 , V (r(r0))m0(r0) = − GMr (1− GMr0c2 ) . (28)
From a more basic consideration, the G value in Newton’s law (19) is experimentally
determined on the earth (or between two Cavendish balls) which mass to r ratio is small on
an astronomical scale. This G thus represents the g · r → 0 value. (19) is thus expected to
hold exactly if the g · r → 0 values of all other variables (m, r) are consistently used in it;
this is done in (28). Using (28a) for F , (26b) for r0, the Newtonian equation of motion in
the g · r → 0 limit (which we are certain to be correct) is thus
d2r0
d(t0)2
(
=
F(r0)
m0
)
= − GM
(r0)2
rˆ. Or
d2r
d(t0)2
= − GM
r2(1− GMrc2 )3
rˆ (29)
expressed using the observational r; the proper t0 is kept, assuming this may be theoretically
estimated. In spherical polar co-ordinates (r0, θ0, φ0), dr0 = dr0rˆ0+r0dθ0θˆ0+r0 sin θ0dφ0φˆ0,
d2r0
d(t0)2 =
d2r0
d(t0)2 rˆ + (
dr0
dt0 + r
0 d
dt0 )
dθ0
dt0 + (sin θ
0 dr0
dt0 + r
0 cos θ0 dθ
0
dt0 + r
0 sin θ0 ddt0 )
dφ0
dt0 .
If an applied non-gravitational force Fap also presents along r
0 direction, similarly we
can firstly write down the eom in the g · r → 0 limit, F (r0) + Fap(r0) = m0 d2r0d(t0)2 . Using
the g-r transformations in it then gives the eom expressed in r, etc. The g · r → 0 eom is
a statement of the ”(weak) equivalence principle”. Namely, the m0 acted by F (r0) or by
Fap(r
0) is the same mass in nature; the accelerations produced by F (r0) and Fap(r
0) are
accordingly equivalent.
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4.3 Effect of gravity on the space and time co-ordinates of a macroscopic test object ma
ma is composed of a (large) N simple single charged matter particles µ’s of masses mµ’s; it
has a mass ma =
∑
µ
mµ. ma is (i) spherical, of a radius R, and (ii) in internal thermal and
hydrodynamic equilibrium. Within ma, each µ, µ
′ act on one another a central force F µ,µ′ .
In addition, each µ is subject to the g potential V (rµ) = −g(rµ) · rµmµ of a large mass M at
r = 0 at a separation |r| from ma, where rµ = r + 〈ζ µ〉 and 〈ζ µ〉(≤ R) are the expectation
values of the distances of µ to the CM’s of M and ma. No other external force presents.
Assume also r >> 2R (condition iii), so lim2R/r=0 g(r
0
µ
) = g ≡ g(r0) = GM(r0)2 rˆ, i.e. all µ’s
are subject to the same g. In terms of rµ, each µ moves according to Newton’s eom (the
correspondence principle), mµr¨µ = mµg +
∑
µ′ 6=µF µ,µ′ . Sum over all µ, with ma =
∑
µ
mµ
and
∑
µ
∑
µ′ 6=µF µ,µ′ = 0 under condition (ii):
∑
µ
mµr¨µ = mag +
∑
µ
∑
µ′ 6=µ
F µ,µ′ = mag = mar¨, r =
∑
µ
mµrµ
ma
(30)
Using (23b), (26b) formµ, rµ in (30b), with ma =
∑
µ
mµ =
∑
µ
(1− GMr0c2 )m0µ = (1− GMr0c2 )m0a,
m0a =
∑
µ
m0
µ
, we obtain the scalar form of r, and time t = r/c,
r =
|∑
µ
m0
µ
(1 − GMr0c2 )
r
0
µ
1− GM
r0c2
|
ma
=
m0ar
0
m0a(1− GMr0c2 )
=
r0
1− GMr0c2
, t =
t0
1− GMr0c2
, (31)
where m0ar
0 = |∑
µ
m0
µ
r0
µ
|, or r0 = |∑
µ
m0µ
m0a
r0
µ
|; t0 = |∑
µ
m0µ
m0a
r
0
µ
c |; t0 = r0/c.
5. Predictions of g-r effects in the classical test experiments of GR
We apply in this section the solutions of Sec 4 to predict the g-r effects as manifested in the
four classical-test experiments of GR.
(i) Anomalous mercury perihelion precession Mercury rotates along an ellipse about
the sun of mass M(= 1.99 × 1030 kg) under the sun’s gravity F as given by (28).
Its eom is (29a) in terms of r0, t0. Approximating the ellipse by a circle of radius
r = a
√
1− e2(= 57.24× 109 m) in the xy plane here, with the sun at r = 0, (29a) becomes
− r0d2φ0d(t0)2 rˆ = g0; or −d(dr
0
dt0 ) = g
0dt0, where |dr0| = r0dφ0(= d(r0φ0)), dr0dt0 = υ0, and
d(dr
0
dt0 ) = dυ
0 = υ0(t0 + dt0) − υ0(t0) = dυ0r(≡ dυ0r rˆ). Solving the equation using similar-
triangles relation gives g
0dt0
υ0 =
|dr0|
r0 . Integrating over one rotation period T
0 = 2πr0/υ0
gives g
0T 0
υ0 =
Φ0r0
r0 . Or, Φ
0 = g
0T 0
υ0 =
GM(T 0)2
2π(r0)3 for the sweep angle in T
0. Using (31.a)
for r0 in it gives the sweep angle (Φ) in one rotation period T 0
∗
= 2πr/υ, in terms of the
observational r and υ as, with Φ0 computed as Φ0
∗
= GM(T
0∗)2
2πr3 ,
Φ =
GM(T 0
∗
)2
2πr3(1− GMr0c2 )3
=˙Φ0
∗
(1 +
3GM
rc2
). Or ∆Φ = Φ− Φ0∗ = 6πGM
rc2
= 42′′/century, (32)
where Φ0
∗
= 2π follows from geometric definition (in flat space) for one pure rotation in
T 0
∗
. ∆Φ is an extra, anomalous angle swept by a fixed point, e.g. the perihelion (across
a closed path to a precessing observer) in T 0
∗
, and is manifestly an angle of precession.
The observational value is (∆Φ)exp = 43′′/century [1]. Mercury anomalous precession, and
gravitational red shifts [3], were the available experiments when A Einstein devised (and
justified) his GR [6, 7].
(ii) Gravitational red shift A light pulse µ emitted in the g field of the sun is
according to Sec 4 red shifted, from λ0 to λ(R)=˙λ0(1 + GMRc2 ) (Eq 26a) for the wavelength
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at the sun surface r = R(R0); here V/mµ = −GMR0 . After further traversing a distance
r
se
−R=˙r
se
(= 1.496× 1011 m) in time tse=˙ rsec to reach the earth, the instantaneous virtual
source of µ (Secs 3.1-2) is decelerated to velocity υg = g(R) · 0 − g(rse) · tse = GMr0
se
c . So
formally λ(R) is further Doppler red shifted to
λ(r
se
) = λ(R)(1 +
υg
c
) = λ(R)(1 +
GM
r0
se
c2
)=˙λ(R)=˙λ0(1 +
GM
Rc2
) (for r
se
>> R)
or
λ(rse)− λ0
λ0
(=˙
g(R) · R
c2
)=˙
GM
Rc2
= 2.11× 10−6. (33)
The predicted value agrees with the experiments [2] within accepted tolerance, and the
prediction of Einstein’s GR [7].
(iii) Light bending Consider a light pulse µ emitted by a distant star (s) just by-
passing the sun (S) limb at the radius R(R0), and arriving to the earth (e). Let s, S, e be
in the xy plane, the CM of the sun be at r = 0, and the µ path sS − Se be such that
it crosses the x axis at x = x0 = R(R
0); sS − Se would coincide with x = x0 if under
zero gravity. But the sun presents a gravity F; for sSe >> 2R, F may be approximated
as Fx = −gm0 in −x direction, with g = GM(R0)2 everywhere in R ≥ y ≥ −R; and Fx = 0
elsewhere (the usual ”thin lens approximation”). µ thus needs be emitted at an angle
αs from the vertical line x = x0, such that the µ path firstly goes from (x, y) = (R,R)
to (x0, 0), where x0 = R + R tanαs − ∆xs = R. This requires R tanαs − ∆xs = 0, or
αs=˙ tanαs(=
∆xs
y ) =
∆xs
R (for
∆xs
R << 1). ∆xs = ∆x
′
s + ∆x
′′
s is an extra x-component
distance including two terms: (I) ∆x′s = υT
0 = GMc2 traversed by the instantaneous virtual
source of µ (Sec 3), which is accelerated under Fx in −x direction to velocity υ = −gT 0 in
time T 0 = R
0
c , and (II) ∆x
′′
s = c(T −T 0)=˙GMc2 traversed by the radiation field comprising µ
at the speed c, as the result of time dilation from T 0 to T =˙T 0(1 + GMR0c2 ) (Eq 26c) under Fx
in −x direction. Further from (x, y) = (R, 0) to (R−∆xe,−R), the µ path is bent similarly,
such that αe=˙ tanαe =
∆xe
R ; but ∆xe = ∆xs and αe = αs for Fx is symmetric about the x
axis. The total bending angle (αb) is the sum
αb = αs + αe=˙
∆xs +∆xe
R
=
2∆xs
R
=
2(∆x′s +∆x
′′
s )
R
=
4GM
Rc2
. (34)
The prediction agrees with experiment [4]. Einstein’s GR gives the same result [8].
(iv) Shapiro time delay Consider a radar signal µ sent from the earth (e) to a planet
(p) and reflected back during a superior conjunction, i.e. viewed from e, p is just above the
sun (s). Let e, s, p be in the xy plane, s be at r = 0, and the µ path be just by-passing the
sun limb at x = R. Under the sun’s gravity F(r) = −g(r)mµrˆ (Eq 28a) the distance of µ
to s is dilated from r0 to r=˙r0(1 + GMr0c2 ) (Eq 26b). Omitting its negligible bending under
F (cf Sec 4.iii), the geometric µ path is just the straight line ep(pe) along the y direction;
a point r(x, y) to y = 0 on it has the y co-ordinate y =
√
r2 −R2; and x = R everywhere.
A differential line element at r(R, y) on the ep line is dr=˙dy yˆ; dy = drsinφ =
rdr
y . Or, with
(26b) for r, and dr=˙dr0(1 + GMr0c2 ),
dy =
rdr
y
=
(
1 + 2GMr0c2 + (
GM
r0c2 )
2
)
r0dr0
y
; dy − dy0=˙ rsdr√
r2 −R2 +
r2sdr
4r
√
r2 −R2 , (35)
where dy0=˙ dr
0
(y/r0) is to leading order the g · r → 0 value of dy; and rs = 2GMc2 = 2.95× 103
m. y is not expanded for its g-dilation is of a higher order. dy − dy0 is the extra (gravito
optical) distance travelled by µ in the g field, and dτ = dy−dy
0
c gives the extra time. The
total extra time from R to r in a one-way trip is
τ1|R→r =
∫ t(r)
t(R)
dτ =
1
c
∫ r
R
(
rs√
r′2 −R2
+
r2s
4r′
√
r′2 −R2
)
dr′ =
rs
c
ln
r +
√
r2 −R2
R
+O(36)
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where O =
r2s
4Rc sec
−1
(
r
R
)
. The total extra time, or Shapiro time delay, for µ in a round trip
between the earth (at re = 1.496× 1011 m) and mars (at rp = 2.28× 1011 m) is, omitting O,
τround = 2(τ1|R→re + τ1|R→rp ) = (2rs/c) ln[(re +
√
r2e −R2)(rp +
√
r2p −R2)/R2] = 247 µs.
The measured value is 250 µs [5].
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